Abstract. An efficient proposal for probabilistic remote preparation of single-states is presented by using of four-qubit GHZ states without the introduction of auxiliary particles in this paper. It is noting that this scheme can be utilized to perform the remote state preparation when the information of the partially four-qubit GHZ state is only available for the sender. Some appropriate local unitary operations need to be introduced to improve the successful probability of the preparation, and the total probability is twice as much as the one of the previous proposals. Thus, our scheme can expand the research range of the preparation.
Introduction
Quantum entanglement is an area of extremely active research by the physics community, and its effect has been demonstrated experimentally with photons, electrons and so on [1] . The application of entangled states for multi-particles is not only fundamental for demonstrating quantum non locality, but also useful in quantum information processing, typically the Bell state, the Greenberger-HorneZeilinger (GHZ) state and the W state.
Entangled states play a significant role in the accomplishment of various quantum tasks like remote state preparation [2] , quantum teleportation [3] , and quantum key distribution [4] . Remote state preparation (RSP) is an interesting communication method to transmit a pure known quantum state using a prior shared entanglement and some classical communication when the sender knows fully the transmitted state.
Since the RSP would be used to construct quantum communication network, lots of theoretical and experimental progresses have been made in the RSP recently. It is has been demonstrated that the RSP is more economical than quantum teleportation by Pati [5] . For general states, the classical information in the RSP is equal to the one of quantum teleportation. However, the RSP only requires half of classical communication of quantum teleportation for some special states, but for general states, the RSP requires as much classical communication cost as quantum teleportation. Wei et al. explored how to realize the RSP when the information of the partially two-qubits entangled state is only available for the sender [6] . Wang presented an efficient scheme for probabilistic remote preparation of a general twoqubit state from a sender to either of two receivers [7] . Several new protocols for the controlled remote state preparation by using of the Brown state as the quantum channel are proposed by Chen et al [8] . Nevertheless, also some open subjects of the RSP need to be taken.
We will present a novel proposal for probabilistic remote preparation of single-states via the partially four-qubit GHZ states in this paper. In most schemes for probabilistic RSP via the partially quantum channel, some auxiliary particles need to be introduced. For single-states, one can use our proposal to perform the RSP without any auxiliary particles. We would like to emphasize that the total successful probability of the RSP is considered as one of the most important parameters. Usually, the probability for general single-states is only the square of the norm of the minimum amplitude coefficient of the partially entangled channel. However, the successful probability of this RSP proposal in our paper is twice as much as the square of the norm by using of some local unitary operations. Note that this scheme can be used to finish the RSP on the condition that only the sender has total knowledge of quantum channel. Thus, our scheme can expand the research range of the preparation. From the point of the potential applications of the RSP for quantum information, we believe that this new scheme would play an important role for quantum information processing.
The rest of our paper are organized as follows: In Section 2, this efficient proposal would be proposed via some special unitary transformation and partially four-qubit GHZ state. The concrete realization procedures for preparing remotely single-qubit are presented in detail. The total successful probability of our RSP would be also calculated. The paper concludes with Section 3.
The Scheme for Probabilistic RSP
Let us begin with the statement of the transmitted single-state. Suppose that the sender Alice would help the receiver Bob to prepare the following single-state
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, α is a real coefficient and β is complex, and
The partially fourqubit GHZ states, which can be viewed as the quantum channel in this paper, can be presented as follow 1234 1234
here a is real and b is a complex one. The equations Step 1: For the non-maximally four-qubits entangled state, the follow unitary transformation would be performed on particles 1 and 2 by the sender Alice 
thus quantum channel can be rewritten as 
Here the state |ψ ⊥ 〉 can be expressed as ( )
Step 2 
Step 4: If the result of particle 1 is |ψ 〉 , Alice performs the phase-parameter unitary gate for particle 3, and this gate can be given as follow
Then the state Step 5: The sender Alice performs the Hadamard operation H on particle 3. Thus the state 34 ( | 00 |11 ) α β 〉 + 〉 can be expressed as
The measurement { } | 0
For the state 34 ( | 00 |11 ) β α 〉 + 〉 , the same method can be used to perform the RSP.
Step 6: For the state in Eq. (8), the Pauli matrix can be performed to construct the initial state in Eq. (1) . Note that the total successful probability of the RSP is 2 2 | | b , twice as much as the one of the previous proposals.
Conclusion
In summary, we have proposed a novel proposal for probabilistic remote preparation of single-states via the partially four-qubit GHZ states and some local unitary operations. For single-states, one can use our proposal to perform the RSP without any auxiliary particles. It is noting that the total successful probability of the RSP is twice as much as the square of the norm by using of some local unitary operations. This new scheme can be used to perform the RSP when only the sender has the information of quantum channel. Thus, our scheme can expand the application range of the preparation.
